The application of stress or pressure to semiconductors containing point defects has long been a valuable probe of defect structure. In particular, the & pressure derivatives of defect energy levels have been used as a means to t "I distinguish between defects which are dominated by extended coulombic potentials (effective-mass-like levels) and defects which are dominated by strong local potentials (deep levels) 1 . Such experiments have shown that the effective-mass defect levels are pinned to the nearest band-edge, while the deep level defect levels are not. These results are a consequence of the relation between defect-potential localization and the extent of k-space required to adequately describe the defect-wavefunction. At this level of understanding, experiments and theory have been able to quantify defect stress properties only with respect to the semiconductor band-edges. The band-edges shift with pressure, however, and therefore cannot be used as a reference in absolute terms. There are several reasons why an absolute reference energy would be desirable. First, relating the deep level pressure derivatives to the band edges does not provide particularly useful insight into the deep level structure because deep level defect properties are dependent on the general features of the semiconductor band structure and not the nearest band extremum. Second, the shifts of the band-edges under pressure contribute to acoustic deformation potential scattering of electrons and holes and it would be of fundamental interest to be able to measure these band-edge deformation potentials directly.
Accurate knowledge of the band-edge deformation potential is also crucial for measurements of volume relaxation around a defect 2 . Finally, by knowing how the total energy of a defect changes with changing lattice constant one can determine the strength of the defect-lattice coupling, which has importance for the phenomna of multi-phonon recombination and lattice relaxation. In this article, we present evidence for a transion-metal-based reference level in silicon from which pressure-induced changes in both the band structure and deep level defects can be measured.
The discovery of a reference energy in semiconductors arose in the context of band-edge offsets at heterojunction interfaces. Several investigators defined an energy level called the charge neutrality level 3 ' 4 or dielectric mean energy 5 which is forced to line-up across a semiconductor hetero-interface under the requirement of minimum surface polarization. This neutrality level can be roughly identified with the average sp 3 hybrid energy, or equivalently with the center of gravity of the Jone's Zone (or dielectric) gap. The electronic structure of some deep level defects is strongly determined by this dominant feature of the band structure, and consequently these deep levels are closely tied to the neutrality level. This appears to be the case for substitutional transition metal impurities 6 ' 7' 8. It has been proposed that transition metal defect levels in Ill-V semiconductors are locked within an additive constant to the neutrality leve1 9 and therefore act as reference levels from which changes in band structure can be measured. We recently extended this principle to include the effect of stress on band structure and provided experimental evidence of this principle as well as values for the band-edge deformation potentials 1 O in GaAs and lnP. The values for these deformation potentials result from hydrostatic pressure experiments performed on transition metal defects among several different charge states. By measuring the pressure derivative of the transition metal defect levels one is in fact measuring the pressure derivative of the bandedge. The purpose of this paper is to extend this result from the Ill-V compounds to silicon, using published pressure derivative data.
The transition metal reference level translates naturally from the Ill-V compounds to silicon. In practice, however, the application to silicon is complicated by several difficulties experienced in silicon, but not in most of the Ill-V compounds. First, most transition metal impurities in silicon occupy interstitial sites and do not qualify as suitable reference levels, as will be shown later. The transiton metals that do assume substitutional sites are heavy elements with 4d or 4f electrons in the core, and it is not clear a priori how these inner-core electrons influence the electronic structure of these defects. The second difficulty arises from the fact that the pressure derivative of the indirect bandgap in silicon is an order of magnitude smaller than the pressure derivatives of the direct gaps in most of the Ill-V semiconductors. While this should present no fundamental difficulties to the theory, the ability to compare theoretical calculations of band-edge deformation potentials to experimental values is hampered by the present accuracy of the calculations. Despite these difficulties, we feel that sufficient experimental and theoretical evidence exists to define an absolute reference level in silicon from which defect as well as band properties can be measured. where c1 is the longitudinal elastic constant, and E is the electron energy. It has been found 18 that a best fit to experimental data on electron mobility in silicon is obtained for r 0 = 3.56 x 10 -9 sec K3t2 . Using equation ( 3 ) with our emperical condition =d + (1/3)E = 2.4 eV we find Eu = 9 eV and =d = -0.6 eV. This value of E u compares very favorably with the reported value of 8.6
eV from the effects of uniaxial stress on indirect excitions 15 . Therefore our determination of =d using the transition metal pressure derivatives is consistent with the electron mobility data, and is certainly more accurate than previous values obtained from mobility data alone.
The effective deformation potential describing scattering of holes by acoustic phonons is 
